
e / 3  / I 
> c IPAGES) """9 %- * ?  

/ ~ 

(CATEQORYI 
z 

(NASA CR OR TMX OR AD H U M D E W  

J 

NASA T T  F-8283 

ANALYSIS OF THE RESULTS OF SIMULTANEOUS MEASUREMENTS OF 

ELECTRON CONCENTRATION I N  THE IONOSPHERE 

WITH THE HELP OF IONOSPHERIC STATIONS AND ROCKETS 

K, I, Gringaua 
G. L, Gdalevich 

5 

GPO PRICE $ ? 

OTS PRICE(S) $ 

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION 
WASHINGTON SEPTEMBER 1962 

t 
I 

b 
C 



.. 
A -  

DRAFT TRANSLATION NASA TT F-8283 

SEP 30 1962 .. 
AIJALYSIS O F  THE RZSULTS OF SIMJLTAIGOUS PElSUXEiSEBTS 

OF ELECTRON CONCENTRATION I N  THE IOTJOSPHERE- 
WITH THE HELP O F  IOiJOSPHERIC STATIONS AND ROCKETS * 

Sb o r n i k  It I SZII 

Izd-vo A:N.SSSR, 1962 
VYP* 1 3 ,  ~ ~ 0 8 9 -  96 ,  

by 11:. I. Gringauz 

G .  L .  b d a l e v i c h  

The i n t e g r a i  formula l y i n g  a t  t h e  b a s i s  o f  all methods 

f o r  t h e  o b t e n t i o n  o f  e l e c t r o n  c o n c e n t r a t i o n  i n  h e i g h t  from high- 

f requency  c h a r a c t e r i s t i c s  is as follol-ls : 

where H is t h e  "ac t ing"  r e f l e c t i o n  h e i q h t ,  H i s  t h e  t r u e  h e i g h t  

o f  r e f l e c t i o n ,  n i s  t h e  index  o f  r e f r a c t i o n  f o r  radiowaves wi th  

t h e  f requency  G > .  

A 

There a r e  two groups of  methods f o r  f i n d i n g  n ( h )  , which e 
is  t h e  a l t i t u d e  d i s t r i b u t i o n  of  e l e c t r o n  Concen t r a t ion  n by high- 

f r equency  c h a r a c t e r i s t i c s  : t hose  c a l l e d  l f conpa r i son  methods" o r  

' fmatchinglT, and methods based upo4i t h e  s o l u t i o n  o f  an i n t e g r a l  

e q u a t i o n  . 

e 

The u t i l i z a t i o n  of  t he  comparison methods i m p l i e s  t h e  

ass ignment  o f  s s e r i e s  of l a w s  n ( h )  expres sed  a n a l y t i c a l l y .  

A t  s u b s t i t u t i o n  o f  each  o f  such ne ( h )  d i s t r i b u t i o n  i n  (l), t h e  

e q u a t i o n  i s  reduced  t o  t a k i n g  t h e  i n t e g r a l .  The expe r imen ta l  h f  - 
c h a r a c t e r i s t i c  is compared)vith t h e  f ami ly  o f  hiTh-freouency charac-  

t e r i s t i c s ,  from which t h a t  c l o s e s t  t o  t h e  exper imenta l  i z  s e l e c t e d .  

The l a w  of  n e ( h )  d i s t r i b u t i o n  u t t l i z e d  i n  t h e  computation o f  t h i s  

c h a r a c t e r i s t i c  i s  c l o s e s t  t c  t h e  expe r imen ta l  and i s  t a k e n  as t h e  
t r u e  law. 

e 

* Anal i z  r e z u l  t a t o v  odnovrenennykh izrnereniy e l e k t r o n n o y  Icontsen- 
t r a t s i i  v i o n o s f e r e  s pomoshch'yu ionosfei-nykh s t a n t s i y  i r a k e t .  
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The second group o f  methods i s  l i n k e d  wi th  t h e  t l p r e c i s e t t  

s o l u t i o n  o f  t h e  i n t e g r a l  equa t ion  (1). A t  t h e  same time t h e  s o l u t i o n  

w i l l  be s i n g l e - v a l u e d  o n l y  i n  t h e  case  when t h e  ne ( h )  d i s t r i b u t i o n  

w i l l  be a monotonic f u n c t i o n .  I n  s u b s t a n c e  t h e  mocotony o f  ne ( h )  

i s  as much n e c e s s a r y  a l s o  f o r  t h e  p o s s i b i l i t y  o f  u t i l z i n g  compari- 

s o n  methods ( f o r  s o l u t i o n ' s  s i n g l e - v a l m t i o n ) .  

S i n c e  p r i o r  t o  t h e  beginning  o f  r o c k e t  i n v e s t i g a t i o n s  o f  

t h e  ionosFhere ,  t h e  op in ion  on i t s  l a m i n a r  s t r u c t u r e  p r e v a i l e d  

( i . e .  on t h e  e s s e n t i a l l y  nonmonotonic c h a r a c t e r  o f  t h e  a l t i t u d e  

d i s t r i b u t i o n  of ne ( h )  1, i t  appea r s  t h a t  f o r  t h e  same r e a s o n  t h e  

me thodscons i s t ing  i n  t h e  s o l u t i o n  o f  t h e  i n t e g r a l  e q u a t i o n  d i d  n o t  

r e c e i v e  much a p p l i c a t i o n  i n  s?it.e o f  t h e  f a c t  t h a t  they were h e w n  

as f a r  back  &s 1937 c11. The u t i l i z a t i o n  of t h e s e  methods w a s  a l s o  

made p r a c t i c a l l y  d i f f i c u l t  because o f  t h e  absence o f  e l e c t r o n i c  

computers a t  t h a t  t i n e  f o r  com?utations t h a t  a r e  d e c i d e d l y  aumbersorae . 
%%en t h e  r o c k e t  i n v e s t i g a t i o n s  o f  t h e  ionosphe re  have shown 

e t h a t  t h e  d e p a r t u r e s  of  t h e  f u n c t i o n  n ( h )  

r e a l i t y  i n s i g n i f i c a n t ,  t h e  i n t e r e s t  as r e g a r d s  t h e s e  methods w a s  

a roused ,  and t h e y  became t h e  o b j e c t  of  b roade r  a p p l i c a t i o n s  C2 - 51. 

from monotony a r e  i n  

We must however n o t e ,  t h a t  t h u s  f a r  on ly  one work is known 

t o  us [21, where a comparison is made o f  t h e  r e s u l t s  of  n ( h )  d e t e r -  

mina t ion  by t h e  method o f  i n t e g r a l  e q u a t i o n  u s i n g  t h e  expe r imen ta l  

h igh- f requency  c h e r a c t e r i s t i c ,  x i t h  t h e  d i s t r i b u t i o n  o f  ne ( h )  

t h e  200 kn all.!itude, s imul t aneous ly  o b t a i n e d  wi th  t h e  h e l p  o f  

r o c k e t s .  

e 

t o  

Meanwhile i t  is obvious t h a t  f o r  t h e  f i n a l  a p p r a i s a l  o f  t h e  

a p p l i c a b i l i t y  and p r e c i s i o n  of n (h) d e t e r m i n a t i o n  by h f  c h a r a c t e r i -  e 
s t i c s ,  such  comparisons a r e  n e c e s s a r y ,  and t h e y  must be conducted 

U' 

more t h a n  once t o  t h e  d e s i r a b l e  h e i g h t  o f  the  p r i n i c p a l  i o n i z a t i o n  

maximum i n  t h e  ionosphe re ,  Attempte a r e  made i n  t h e  p r e s e n t  p a p e r  

t o  p a r t l y  f i l l  t h a t  gap. 
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1. CGIWUTATION OF HIGH-FREQLJXNCY C H A R A C T E R I S T I C S  
ON THE B A S I S  OF n ( h )  D I S T R I B U T I O N S  O B T A I N E D  

WITH T H ~  AID OF ROCKETS. 

F ig .  1 p r e s e n t s  t h e  r e s u l t s  o f  ne ( h )  measurements by 

means of r o c k e t s ,  conducted i n  t h e  morning and i n  daytime L61. 
As may be seen  from F i g . 1 ,  t he  

/I, xn 

I n, , ' ~/rpxmpoon - cn -3 
electron cm-3 

Fig. 1 

p o r t i o n s  of  t h e  curves  ne ( h )  

s i t u a t e d  below t h e  p r i n i c p a l  ion-  

i z a t i o n  maximum show only  i n s i g n i -  

f i c a n t  d e p a r t u r e s  from monotony 

( i n  t h e  form o f  s m a l l  m a x i m a ) .  

We m3.y however show, t h a t  f o r  such  

a l t i t u d e  d i s t r i b u t i o n s  of  ne ( h )  , 
breaks  i n  h e i g h t  r each ing  about  

100 km must be observed a t  hf charac- 

t e r i s t i c s  ob ta ined  by i o n o s p h e r i c  

s t a t i o n s .  (The e x i s t e n c e  of such  

b reaks  c o n t r i b u t e d  i n  i t s  time t o  

shap ing  up t h e  concept  about  t h e  

t t l a n i n a r r f  o r  " s t r a t i f i e d "  ionosphe re ) .  

I n  o r d e r  t o  s i m p l i f y  t h e  computat ion,  

l e t  us show t h i s  f o r  t h e  case  when 

t h e  dependence of  t h e  index  of r e f -  

r a c t i o n  n on t h e  magnetic f i e l d  - 
and on frequency o f  e l e c t r o n  c o l l i -  

s i o n s ,  is n o t  t aken  i n t o  account ,  .. 
i. e. ,  we s h a l l  t ake  t h e  express ion  f o r  n i n  t h e  form : 

Here e ,  m r e s p e c t i v e l y  are the  charge and t h e  mass of  t h e  e l e c t r o n ,  

is t h e  radiowave f recuency ,  and n ( h )  is t h e  e l e c t r o n  concentra-  e 
t i o n  a t  t h e  h e i g h t  h. 

Breaking up t h e  curve of  e l e c t r o n  c o n c e n t r a t i o n  d i s t r i b u t i o n  

o b t a i n e d  wi th  t h e  h e l p  of  rocke t  aeasurements  i n  a s e r i e s  o f  p o r t i o n s  
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on each of which ne ( h )  may be cons ide red  a l i n e a r  f u n c t i o n  h ,  

and s u b s t i t u t i n g  n i n  (1) as a f u n c t i o n  h i n  t h e  form ( 2 ) ,  w e  

may take t h e  i n t e g r a l  (1) and e a s i l y  o b t a i n  at t h e  g i v e n  frequency 

f o r  t h e  I1actingr1 t h i c k n e s s  of t h e  i - t h  p o r t i o n :  

4nea - 4nea 
mw2 

where Hi i s  t h e  t r u e  h e i g h t  of t h e  i - t h  p o r t i o n ,  xi = -n t (h) ,  8-1 - 3 n t - 1 ,  

n n r e s p e c t i v e l y  are the c o n c e n t r a t i o n  a t  t h e  beg inn ing  

and a t  t h e  end o f  t h e  p o r t i o n .  
i - n '  i 

The computation of the  " a c t i n g t t  h e i g h t  for t h e  f requency  

is made i n  t h e  fc l lov i ing  manner. The curve o f  d i s t r i b u t i . c n  o f  e l e c -  

t r o n  c o n c e n t r a t i o n  is broken i n t o  a s e r i e s  o f  p o r t i o n s  t o  t h e  c r i t i  

c a l  c o n c e n t r a t i o n  % ,  a t  which r e f l e c t i o n  o f  radiowaves o f  f r e -  

quency t a k e s  p l ace .  The t h i c k n e s s  is de termined  o v e r  

each  p o r t i o n  by t h e  expres s ion  
2 Hi - 

H n  = + 2 5 .  - xi--l ( v - - v !  -Z i ) ,  
i '  

I r  

where ho i s  t h e  h e i g h t  o f  t h e  l o w e r  boundary of  t h e  ionosphe re .  

I n  t h e  case  when e l e c t r o n  conce : ! t ra t ion  is c o n s t a n t  a t  t h e  

i - t h  p o r t i o n ,  we o b t a i n e  d i r e c t l y  fronl (1) 

Such was t h e  way o f  computing t h e  v a l u e s  of  t h e  " a c t i v e t 1  

h e i g h t s  f o r  a s e r i e s  o f  f r equenc ie s .  The co inc idence  of t h e s e  

v a l u e s  allor t o  c o n s t r u c t  a hf c h a r a c t e r i s t i c  for each  o f  t h e  n ( h )  

d i s t r i b u t i o n s  brought  o u t  i n  F ig .  1 . e 

I n  o r d e r  t o  compare the  t t u s  c o ' p u t e d  h f  c h a r a c t e r i s t i c s  

w i t h  t h e  real c h a r e c t e r i s t i c s  obta.ined a t  t h e  i o n o s p h e r i c  s t a t i o n  

s i t u a t e d  i n  t h e  r eg ion  o f  r o c k e t  l a u n c h i n g  a t  t ime o f  l a t t e r g '  
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f l i g h t ,  a s e r i e s  of  p o i n t s  of  computed h f  c h a r a - c t e r i s t i c s  were 

p l o t t e d  on t h e  photograph6 of  expe r imen ta l  h f  c h a r a c t e r i s t i c s  

( s e e  F ig .  2 ,  3 ,  4) .  It may be c l e a r l y  s e e n  on t h e  p h o t o g a p h s  

t h a t  t h e  computed c h a r a c t e r i s t i c s  a r e  c l o s e  t o  t h e  r e a l ,  and i n  

p a r t i c u l a r ,  t h a t  t h e y  too  have b reaks  by a l t i t u d e .  

Fig. 2 

It m u s t  be noted  t h a t  a break  i n  t h e  r e g i o n  f = 3 mc/s 

c o r r e s p o n d i n g  t o  t h e  s o - c a l l e d  E2 - l a y e r  e x i s t s  on t h e  experimen- 

t a l  c h a r a c t e r i s t i c  ob ta ined  on 27 July 1958. T h i s  break  is absen t  

on  t h e  computed h f  c h a r a c t e r i s t i c ,  which a p p a r e n t l y  may be e x p l a i -  

ned by t h e  f a c t ,  t h a t  t h e  c1:rves n ( h )  u t i l i z e d  a t  computa t ions ,  e 
a r e  smoothened w i t h i n  t h e  5% limits C63. 

The c l o s e n e s s  o f  t h e  h f  c h a r a c t e r i s t i c s  o b t a i n e d  by r o c k e t  

measurements of t h e  d i s t r i b u t i o n  of  e l e c t r o n  c o n c e n t r a t i o n  t o  t h o s e  

o b t a i n e d  by sounding  methods from t h e  ground, c o r r o b o r a t e s  t h e  rea-  

l i b i l i y  of  r o c k e t  measurements, and t h e  c o r e e c t n e s s  of  conc ,us ions  

. 



L. 

t h a t  t h e  ionosphe re  r e g i o n  i n  t h e  100- 300 k m  a l t i t u d e  range 

c o n s t s i t u t e s  a medium wi th  a n e a r  monotonic r i s e  o f  e l e c t r o n  con- 

c e n t r a t i o n ,  without d i v i d i n g  i n t o  s e p a r a t e  l a y e r s  . * 

T h i s  j u s t i f i e s  t h e  assumption about t h e  p re sence  o f  a 
s i n g l e  ( p r i n c i p a l )  m a x i m u m  of  ne ,  
o f  t h e  d i s t r i b u t i o n  of  e l e c t r o n  c o n c e n t r a t i o n  on t h e  b a s i s  of 
h igh- f  requency c h a r a c t e r i s  t i c s .  

i n  t h e  making a t  computations’ 

Fi.;. 3 

2. COfPARISON OF ne ( h )  DISTRIBTJTIONS COI4FUTED ON 
THZ BASIS OF HIGH FmGUENCY CHARACTERISTICS, ‘2ITH THOSE 

OBTAINED F I T R  THE RID O F  A D I S t  ERSION INTERFNROMLTER. 

‘ The computation of t h e  a l t i t u d e  d i s t r i b u t i o n  o f  e l e c t r o n s  ‘ 

by h f  c h a r a c t e r i s t i c s  w a s  conducted by t h e  method o f  i n t e g r a l  equa- 

t i o y  s o l u t i o n  wi th  t h e  h e l p  of  Shinn-Kelso c o e f f i c i e n t s ,  

t a k i n g  i n t o  account  t h e  e f f e c t  of  t h e  E a r t h ’ s  magnetic f i e l d .  



. .  

Fig. 3 .  

Fig. 4. 
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U t i l i z i n g  t h a t  method f o r  t h e  s o l u t i o n  o f  (11, HA is cons ide red  

t o  be t h e  a s s i g n e d  f u n c t i o n  of frequency H = F ( f ) , d e t e r m i n e d  

by t h e  i o n o s p h e r i c  high-frequency c h a r a c t e r i s t i c .  
A 

I f  we n e g l e c t  t h  e e f f e c t s  o f  t h e  E a r t h ' s  magnetic f i e l d  

and of e l e c t r o n  c o l l i s i o n s  wi th  n e u t r a l  p a r t i c l e s ,  t h e n  (1) is 
reduced  t o  t h e  Abel i n t e g r o l  e q u a t i o n  heving  t h e  s o l u t i o n  ( s e e  [7 ] )  

where 

It is  d i f f i c u l t  t o  m a k e  use o f  formula  ( 6 )  i n  p r a c t i c e ,  

f o r  i t  i s  made d i f f i c u l t  by t h e  f a c t  t h a t  t h e  i n t e g r a l  e n t e r i n g  i n  

i n  i t  is  improper.  I n  o r d e r  t o  make p o s s i b l e  t h e  computation o f  t h e  

i n t e g r a l ,  a bew v a r i a b l e  e = a r c  s i n  f . Then ( 6 )  t a k e s  t h e  form 
90 . 

The i n t e g r a t i o n  of  ( 7 )  i s  c a r r i e d  o u t  n u m e r i c a l l y ,  by s u b d i v i n g  t h e  

cu rve  HA (f s i n e )  i n t o  a s e r i e s  o f  s t e p s  o f  equa l  windth by 8 [8]. 
f A t  t h e  same time t h e  q u a n t i t i e s  -, de te rmin ing  t h e  s e l e c t e d  s t e p s ,  

are c a l l e d  t h e  Kelso  c o e f f i c i e n t s .  

0 

f0  

I n  o r d e r  t o  t a k e  i n t o  account t h e  e f f e c t  o f  t h e  magnetic 

f i e l d ,  Shinn i n t r o d u c e d  modified c o e f f i c i e n t s  c91, c a l l e d  Sh inn-  

Ke l so  c o e f f i c i e n t s .  ',]%en u t i l i z i n g  t h e s e  c o e f f i c i e n t s ,  t h e  t r u e  

a l t i t u d e ,  co r re spond ing  t o  f is  g iven  by t h e  c o r r e l a t i o n  
0' 

'V 
1 

H ( f o )  = 7 2 yn ( f d ,  (8) 
i= i  

where N i s  t h e  number o f  s t e p s ,  and 

Shinn-Kelso c o e f f i c i e n t s  . f; a r e  de te rmined  by t h e  
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. 

Taking  i n t o  account  t h a t  ang le  of  i n c l i n a t i o n  and t h e  magni- 

t u d e  o f  magnetic f i e l d  s t r e n g t h  i n  t h e  r e g i o n  where t h e  r o c k e t s  o f  

t h e  USSR Aca.deIuy of  S c i e n c e s  were l aunched ,  are c l o s e  t o  t h e  c o r r e s -  

ponding q u a n t i t i e s  a t  t h e  l o c a t i o n  o f  t h e  E n g l i s h  s t a t i o n  Slow 

w e  u t i l i z e d  t h e  Shinn-Kelso c o e f f i c i e n t s  d u r i n g  t h e  computation f o r  

f i v e  p o i n t s ,  b rought  o u t  i n  C43 * The computation was conducted w i t h  

a n  i n t e r v a l  o f  0.2 mc/s accord ing  t o  formula  

1 

Lvhere h (fk) 
a t  which t h e  e l e c t r o n  c o n c e n t r a t i o n  (ne  e:ectron cm") =1.24 10- 

f k  mc/s, h '  ( f i )  

which i s  found from f w i t h  the  h e l p  of Shinn-Relso c o e f f i c i e n t s .  

The r e s u l t s  of Computations 

i s  t h e  t r u e  r e f l e c t i o n  h e i g h t  f o r  t h e  f requency  f 
k 4  

fi ' is  t h e  "acting11 h e i g h t  f o r  t h e  f r e :  uency 

k 
h, XU 

are p r e s e n t e d  i n  F i g u r e s  5 ,  6 and 7 ,  
i n  which dashed l i n e s  r e p r e s e n t  t h e  

d i s t r i b u t i o n s  of e l e c t r o n  concent ra -  

t i o n  o b t a i n e d  wi th  t h e  a i d  o f  r o c k e t  

measurements C63. It may be s e e n  from 

Fig. 5 ,  6 and 7 t h a t  t h e  corresponden- 

c e  is f a i r l y  good. 

>)- 
After completion of computations, work 

i n  reference 

are presented coe f f i c i en t s  f o r  f ind ing  

the d i s t r i b u t i o n  of concentrations by hf 

c h a r a c t e r i s t i c s  (accounting the magnetic 

f i e l d .  The coe f f i c i en t s  are given f o r  all . 

[IO] was published. I n  it 

. 

0 07 s t a t i o n s  with magnetic i nc l ina t ion  4 80'. 
n,, f f f  'JnCkmpOfi CHJ 

e lec t ron  cm-3 

Fig. 5. 
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Fig. 6 Fig. 7 

The d ive rgences  between t h e  computed and t h e  expe r imen ta l  

c u r v e s  of  d i s t r i b u t i o n  o f  e l e c t r o n  c o n c e n t r a t i o n  may be e x p l a i n e d  

by t h e  fo l lowing  causes  : 

1. U t i l i z a t i o n  o f  a small number o f  c o e f f i c i e n t s  ( f i v e ) .  

2. Inaccuracy  i n  t h e  computation of " a c t i n g "  h e i g h t s  and 

f r e q u e n c i e s  by h f  c h a r a c t e r i s t i c s ,  on account  o f  e r r o r s  o r i g i n a t i n g  

i n  t h e  i n s t r u m e n t a t i o n ,  and because of  s i g n a l  widening a t  t h e i r  

r e f l e c t i o n .  

3 .  Absence o f  f r equenc ie s  below 1.5 mc/s i n  t h e  band o f  

t h e  u t i l i z e d  i o n o s 2 h e r i c  s t a t i o n  ( as a r e s u l t  o f  which t h e  retar-  

d a t i o n  i n  t h e  ve ry  l o w e s t  l a y e r s  i s  n o t  t a k e n  i n t o  a c c o u n t ) ,  

4.  The p resence  of some minor d e p a r t u r e s  from t h e  monotonic 

c o u r s e  o f  t h e  c o n c e n t r a t i o n  between t h e  E- and F - l aye r s .  

5. Averaging ( w i t h i n  the  5% limits) o b t a i n e d  r i t h  t h e  a i d  

o f  t h e  d i s p e r s i o n  i n t e r f e r o m e t e r ,  o f  t h e  d i s t r i b u t i o n  cu rve .  

D i s r e g a r d i n g  and n o t  ana lyz ing  t h e  e r r o r s  o c c u r r i n g  as a 

consequence of each of  t h e s e  causes ,  we may e s t i m a t e  t h e  magnitude 

o f  t h e  e r r o r  on t h e  b a s i s  of conpar i son  o f  t h e  r e s u l t s .  The maximum 

d ive rgence  when u t i l i z i n g  t h e  5 c o e f f i c i e n t s  does n o t  exceed 1 5 % .  
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It must be no ted ,  t h a t  i n  a l l  c a s e s  i n  which comparison was 

made, t h e  s p o r a d i c  E - l a y e r  w a s  absent .  If such  l a y e r  i s  p r e s e n t ,  a 
t h e  e r r o r s  i n  t h e  computation of ne ( h )  d i s t r i b u t i o n  by h f  cha rac t e -  

r i s t i c s  may be g r e a t .  

The above c o n s i d e r a t i o n s  show t h a t  t h e  o b t e n t i o n  of e l e c -  

t r o n  d i s t r i b u t i o n s  i n  he igh t  t o  t h e  a l t i t u d e  o f  t h e  F2- l a y e r  maxi- 
mum from h f  c h a r a c t e r i s t i c s  is p o s s i b l e  wi th  r e l a t i v e l y  small e r r o r s  

by u s i n g  t h e  Shinn-Kelso c o e f f i c i e n t s .  

It is  t h u s  d e s i r a b l e  t h a t  at l e a s t  a small p a r t  o f  t h e  

results of  o b s e r v a t i o n s  by the  i o n o s p h e r i c  s t a t i o n s  network be 

p re sen ted  in t h e  form o f  n e ( h )  d i s t r i b u t i o n .  Th i s  would pe rmi t  

t h e  accumulat ion o f  d a t a  on ne (h) v a r i a t i o n s  wi th  t h e  t i m e  of 

t h e  day and y e a r ,  and would c o n t r i b u t e  t o  t h e  c l a r i f i c a t i o n  of a 

s e r i e s  of q u e s t i o n s  concerning ionosphere  p h y s i c s  . 
The a u t h o r s  a r e  g r a t e f u l  t o  M. L .  Levin  and B. S. S h a p i r o  

f o r  t h e i r  u s e f u l  comments. 
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